An assay was developed for simultaneous kinetic analysis of the activities of the bifunctional plant enzyme ribulose 1,5-bisphosphate carboxylase/ oxygenase IEC 4.1.1.391. 11-_4C,5-3HIRibulosel,5-bisphosphate (RuBP) was used as the labeled substrate. Tritium enrichment of the doubly labeled 3-phosphoglycerate (3-PGA) product, common to both enzyme activities, may be used to calculate vC/v0 ratios from the expression A/(B-A) where A and B represent the 3H/14C isotope ratios of doubly labeled RuBP and 3-PGA, and v, and v. represent the activities of carboxylase and oxygenase, respectively. Doubly labeled substrate was synthesized from 12-'4CIglucose and 16_3Higlucose using the enzymes of the pentose phosphate pathway coupled with phosphoribulokinase.
. Alternatively, the problem of reducing photosynthetic inefficiency due to photorespiration must be attacked through principles of mutation. Detection of mutants by CO2 compensation point criteria has been a favored method of many investigators (13, 20, 22, 23 ; citations in ref. 13) . A survey of gene pools of oats and soybeans by this method has revealed no cultivars with diminished photorespiratory activity (23) , and several hundreds of plant species analyzed by Moss' group (13) produced (with two exceptions) narrow r values characteristic of either C3 or C4 plants. Bona fide evidence for the existence of mutant RuBP carboxylase/oxygenase enzymes is now forthcoming (9, 10, 18) . Garrett (10) has correlated low rates of photorespiration with mutant enzyme activity in four tetraploid cultivars of rye grass. Compared to the (normal) diploid cultivars, the Km (C02) of the tetraploid enzyme was significantly lower, and the oxygenase Km (02) was unchanged. Garrett's report of increased tiller size and leaf extension rates in the tetraploid cultivars is reminiscent of Hardman and Brun's finding (1 1) that a 4-fold increase in atmospheric CO2 (which level represses photorespiration) could significantly boost the harvest index of soybeans. There is probably little dispute that RuBP carboxylase/oxygenase represents the major molecular-kinetic event which controls the balance between net photosynthesis and photorespiration. If (2) x (vc) where B is the measured ratio of 'H/'4C in the 3-PGA product.
Solving for y/x in equation 2 (14) . K0 does not change significantly as a function of pH (21, 25) or temperature (14, 26) . K, does change significantly as a function of temperature (14) . Ogren (23) has suggested that mutation would most likely be correlated with a change in K,; since CO2 is a polar molecule and 02 a nonpolar molecule, a charged amino acid substitution would (in altering the dielectric constant in the vicinity of the active site) affect carboxylation more than oxygenation (relative to the effect of a nonpolar amino acid substitution on either enzyme activity). This prediction appears to be substantiated by the findings of Garrett (10).
In these initial determinations of vj/vo, the potential sources of error include the double label scintillation counting procedures, the isotopic purity of substrate and product, and the composition and pressure of the gas mixtures. The latter problem may be overcome by using premixed tanks of gases. Scintillation-counting errors are greatly reduced by counting samples under identical conditions and using doubly labeled standards to monitor day-today variation. In the present report, the3H/'4C isotope ratios for the Ru5P precursor and the RuBP product differed not more than 3%. Other available technology on the market may reduce even this error.
The immediate technical disadvantage of the double label method for the analysis of RuBP carboxylase/oxygenase is the complexity of equipment and a relatively complex set of procedures for the synthesis and storage of a relatively unstable (and expensive) substrate. Equipment, however, may be constructed with relatively streamlined features. A large batch synthesis of labeled RuBP may provide substrate of known 3H/"C ratio for long periods. RuBP has proven to be stable (with regard to isotope ratio, chromatographic properties, and reproducibility in the assay) when stored for extensive periods at -86 C. Substrate probably may be maintained for indefinite periods at liquid N2 temperatures (-196 C) .
The over-all advantage of the double label system is that variables are inherently under tight control. With a series of reaction cells gassed simultaneously and maintained at the same constant temperature and pressure, CO2 and 02 concentrations are homogeneous. Where RuBP possesses a constant 3H/P4C ratio for the assay of enzymes from different sources, the only variable remaining is the variation in the 3H/"C ratio of 3-PGA which variation would signal a change in the kinetic properties of a given enzyme.
